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Temperature dependences of the magnetic moment have been measured in YBa2Cu307_5 thin 
films over a wide magnetic field range (5 < H < 10 4 Oe). In these films a paramagnetic signal 
known as the paramagnetic Meissner effect has been observed. The experimental data in the films, 
which have strong pinning and high critical current densities (J c ~ 2 x fO 6 A/cm 2 at 77 K), are 
quantitatively shown to be highly consistent with the theoretical model proposed by Koshelev and 
Larkin [Phys. Rev. B 52, f3559 (f995)]. This finding indicates that the origin of the paramagnetic 
effect is ultimately associated with nucleation and inhomogeneous spatial redistribution of magnetic 
vortices in a sample which is cooled down in a magnetic field, ft is also shown that the distribution of 
vortices is extremely sensitive to the interplay of film properties and the real experimental conditions 
of the measurements. 

PACS numbers: 74.25.Ha, 74.25.Op, 74.25.Qt, 74.78.Bz 



I. INTRODUCTION 



One of the fundamental properties of superconductors 
is ideal diamagnetism in magnetic fields smaller than the 
first critical field (H < H c i), the so-called Meissner ef- 
fect. However, a number of measurements carried out 
in superconductors has revealed a paramagnetic signal 
in the temperature dependence of the magnetic moment 
(771 (T)) which appears upon cooling down the samples 
in a magnetic field through the transition temperature 
T c (the field cooling regime) 1 i 2 i 3 i 4 i^i^i7i?i? . In this case, 
the paramagnetic contribution exceeds the diamagnetic 
part, leading to an overall paramagnetic signal. This ef- 
fect is called the paramagnetic Meissner effect (PME) 
or Wohlleben effec t 1 ^ 3 ^ 5 ^:!:?:? . Three theories have 
been suggested to account for the origin of the effect, 
(i) The d-symmctry of the order parameter can lead 
to the existence of spontaneous "paramagnetic" super- 
currents in the superconductor due to the presence of tt- 
contacts 10 . (ii) The Koshelev-Larkin (KL) modelii con- 
siders the redistribution of Abrikosov vortices trapped 
in the superconductor upon the transition to the super- 
conducting state, leading to the appearance of the para- 
magnetic signal in m(T). (hi) The giant vortex state, 
existing in the surface superconductivity state, can also 
lead to a total paramagnetic signal if the temperature is 
decreased and the trapped flux within the giant vortex 
is compressecUSiii. The observations of PME in conven- 
tional superconductors with s-symmetrjaJi&L&ii has in- 
dicated that d-symmetry of the order parameter is not 
a necessary condition for the appearan ce of P ME. The 
giant vortex approach outlined in Refs. Il2ll3l assumes a 
special geometry with the sample's extended surfaces ori- 
ented parallel to the field in order to facilitate the appear- 
ance of the giant vortex state. However, a large number 
of experiments have been carried out on films in fields 



perpendicular to the largest film surfaces. Therefore, the 
quantitative comparison of theoretical dependences ob- 
tained in the framework of the giant vortex modeli^ii 3 . 
with experimental results is inadequate due to the neces- 
sity of taking into account the real boundary conditions. 
Nevertheless, this model can be the most appropriate for 
the explanation of PME in the vicinity of the supercon- 
ducting transition, since fluctuations of the order param- 
eter do not permit the formation of a pure Abrikosov 
vortex state, which is a necessary condition for the ex- 
planation of PME in the framework of the KL model. 
Well below T c (or below the irreversibility line Ti rr ) the 
KL model is the most suitable one for the description of 
m(T) in thin films. Therefore, the analysis of the exper- 
imental results obtained in this work will be carried out 
within the framework of this model. 

In this work temperature dependences of the magnetic 
moment have been measured over a wide magnetic field 
range in YBa2Cu307_5 (YBCO) thin films grown by dif- 
ferent methods. The experimental results obtained have 
been analyzed in the framework of the KL model 11 , which 
turns out to be the most appropriate for our experimental 
conditions. 



II. GROWTH AND CHARACTERISTICS OF 
EPITAXIAL YBCO FILMS 

Single crystalline high temperature superconducting 
(HTS) YBCO thin films have been investigated in this 
work. The films were grown by (i) pulsed-laser deposition 
(PLD) 14 and by (ii) off-axis DC magnetron sputtering 15 
techniques. These techniques produce epitaxial films 
with the crystallographic c-axis oriented perpendicular 
to the film surfac o 16 i 17 . In this shown by high 

resolution electron microscop}ii2ii2i2£, the films grown 
on a mismatched substrate develop numerous out-of- 
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plane edge dislocations. The dislocations are usually ar- 
ranged in so-called dislocation walls (rows), forming 30 
to 250 nm large domains. The domains are typically mis- 
aligned by ~ 0.5° to 2°, depending on film growth condi- 
tions. In this work, a ~ 300 nm thick PLD film (PP17) 
with T c ~ 87.9 K, as well as two ~ 300 nm thick mag- 
netron sputtered films (K21 and K1509) with T c ~ 86.5 K 
have been investigated. The most extensively investi- 
gated Kf 509-film was sputtered onto a rotating sapphire 
substrate buffered by CeC>2 with a diameter of 51 mm. 
All the films investigated have a quite narrow transition 
width of AT C = 0.2 to 0.5 K and a high critical cur- 
rent density of J c ~ 2 x 10 6 A/cm 2 at T = 77 K in 
self-field. The film growth rate of the magnetron sput- 
tering was approximately 0.01 to 0.02 nm/s. In these 
films, the layer-by-layer (nearly two-dimensional) growth 
mechanism is realized. In contrast, in the films grown 
by the PLD procedure with a growth rate of 0.1 to 
0.2 nm/s, the three-dimensional island-like mechanism 
is most likely to occur. Therefore, the magnetron sput- 
tered films usually have a significantly smaller density 
of stacking faults and accompanying dislocation loops 
(~ 10 9 lines/cm 2 as estimated by high resolution elec- 
tron microscopjiSi) than is in the case of the PLD films. 
The size of the domains in the magnetron sputtered films 
is usually larger (up to 250 nm), as well as more or- 
dered and equidistantly spaced than in the PLD films. 
The misalignment angles are typically < l° 21 - 22 . The 
average density of the edge dislocations is likely to be 
slightly smaller than in the PLD films. Similar char- 
acteristics should be expected for the K1509-film with 
J C (H = 0,T= 77K) ~ 2.34 x 10 6 A/cm 2 . 

All the measured pieces of the films were of a similar 
rectangular shape with dimensions ~ 1.5 mm . 



III. EXPERIMENTAL DETAILS 

The temperature and field dependences of the mag- 
netic moment were investigated by employing a Quantum 
Design MPMS SQUID magnetometer in fields \H\ < 5 T 
and temperatures 5 < T < 95 K. The temperature de- 
pendences were measured in the field-cooled (FC) regime, 
i.e. the films were cooled through T c with a magnetic field 
applied. 

The MPMS SQUID detection system comprises 
SQUID sensing loops configured as a highly balanced 
second-derivative pickup coil set with a total length of 
~ 3 cm. The coils are designed to reject the uniform field 
from the superconducting magnet to a precision of ap- 
proximately 0.1%. The magnetic moment of a sample is 
calculated from the response curve of the SQUID pickup 
coils which is measured as the sample moves through the 
coils along a scan length (typically 4 cm). The tem- 
perature of the sample is measured, depending on the 
temperature range, either by a sensor fixed at the null 
point of the pickup coils in the cooling annulus around 
the sample space or by a sensor located under the bottom 



of the sample tube 2 ^. This quite "remote" temperature 
sensing is expected to be insensitive to any possible tem- 
perature gradient along the scan length. Experimentally, 
we did observe some temperature destabilization at scan 
lengths > 7 cm, which is a common feature for this kind 
of instrument. This observation can imply that we do 
indeed deal with a temperature gradient. Accordingly, 
the smaller the scan length is, the smaller the difference 
between the minimal and maximal temperatures will be. 
Therefore, the possibility of significant temperature fluc- 
tuations in the measured samples becomes negligible for 
sufficiently small scan lengths. 

The J C (H,T) dependencies shown in Fig. ^ which are 
necessary for the quantitative result analysis, have been 
obtained from the width of the magnetization loops^. 
The so-obtained J C (H,T) were highly consistent with 
J C (H,T) obtained by the direct transport method and 
from Clem-Sanchez analysis 24 of AC susceptibility mea- 
surements of the films in perpendicular fields 22 . The 
J C (H,T) behavior has suggested 2 ^ that the mechanisms 
of critical current limitation can be attributed to strong 
pinning of vortices on linear defects, most likely edge dis- 
locations which are perpendicular to the film surface. 

IV. EXPERIMENTAL RESULTS 

The FC dependences of m(T) measured in the K1509, 
PP17 and K21 films are qualitatively consistent with each 
other, and therefore, in what follows, the results for the 
K1509-film will be shown. The measurements at different 
cooling rates (0.05, 0.1, 0.25 and 0.5 K/min) and different 
scan lengths (4, 2, 1.5, 1 and 0.75 cm) are exhibited in 
Figs. |21 and |3 respectively. As can be seen, different cool- 
ing rates do not have a significant qualitative influence 
on the m(T) behavior. The small discrepancies might be 
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FIG. 1: Critical current density as a function of the ap- 
plied magnetic field measured at different temperatures for 
the K1509 film. 
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FIG. 2: Temperature dependence of the FC magnetic mo- 
ment in the K1509 film for different cooling rates (0.05, 0.1, 
0.25 and 0.5 K/min). 




Reduced temperature t = T/T c 

FIG. 4: The field-cooled magnetic moment as a function of 
the reduced temperature t = T/T C (H) in the K1509 film mea- 
sured with 0.1 K/min cooling rate at different magnetic fields 
applied perpendicular to the film. 
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FIG. 3: Temperature dependence of the FC magnetic moment 
in the K1509 film for different scan lengths (4, 2, 1.5, 1 and 
0.75 cm) and 0.1 K/min cooling rate. 



explained either by temperature lags at the highest sweep 
rates or by the influence of the magnetic flux distribution 
effects described in the next section. In contrast, changes 
in scan length qualitatively modify the m behavior be- 
low T c . As the temperature is further decreased the m 
signal rises, and the signals become comparable for all 
the measured scan lengths. The m(T) behavior has also 
been measured at different magnetic fields (Fig. . As 
the field changed by more than three orders of magnitude 
the m value was changed by less than one order of mag- 
nitude over the temperature range of the measurements. 

The characteristic features of the dependencies in 
Figs. 121 II are as follows, (i) The diamagnetic response 
is absent below T c at the scan length > 1 cm. At shorter 



scan lengths a magnetic moment < can be measured 
in the vicinity of T c . (ii) The change in m is rather 
moderate compared to the large change in H. In ad- 
dition, m(T) depends non-monotonously on the applied 
field, (iii) The paramagnetic value of m monotonically 
increases in decreasing temperature, indicating the ab- 
sence of saturation. Feature (iii) has been obtained in 
a number of worksi*^, whereas features (i) and (ii) are 
observed for the first time. 

The measurements indicate that the profile of the 
trapped magnetic flux which determines the value of the 
to signal may be influenced by certain experimental con- 
ditions, such as the scan length and the applied magnetic 
field. As will be shown in the next section, changes in 
the m value observed in the experiments are governed by 
relatively small changes in the vortex compression. More- 
over, we show that the vortex compression in the films is 
extremely sensitive to seemingly negligible changes in ex- 
perimental conditions, which can explain various exper- 
imental results reported on the paramagnetic Meissner 
effect in the literature and in Fig. |21 



V. THEORETICAL CONSIDERATION 

As was mentioned in Sect. from the point of view 
of the real geometry of the experiment, the most likely 
mechanism for the appearance of the PME is the in- 
homogeneous redistribution of vortices upon cooling a 
YBCO film below T c . Note that in this case the term - 
Paramagnetic Meissner Effect (PME) - would inappro- 
priately reflect the nature of the effect, which should be 
rather referred to as the Paramagnetic Effect or the Pos- 
itive Magnetization Effect (PME). Vortex distributions 
leading to the PME are considered in the model devel- 



4 



d 
















< — 


2w 


— > 



FIG. 5: The complete Bean state is schematically shown in 
a superconducting film upon cooling in a perpendicular field 
(the model of Kb—). The vortices concentrate in the \x\ < 
\b\ < \w\ region, whereas the Meissner shielding currents (J s ) 
flows in the \b\ < \x\ < \w\ region. 



oped by Koshelev and LarkinAi. The geometry of this 
model is shown in Fig. [S] The model assumes that if 
the film is cooled down below T c in a perpendicular field 
H z then, firstly, the film enters the vortex (mixed) state 
and, secondly, the gradient of vortex density in the re- 
gion | a; | < \b\ < \w\ corresponds to J c . Such a density 
can be formed due to the interaction between vortices 
and surface Meissner currents ("sheet currents"), which 
forces vortices inward from the film edges, b characterizes 
the degree of the vortex compression and unambiguously 
defines the magnetic flux through the film: 



f = *H- —FT® J 

en. 



(1) 



provided that J(\x\ < \b\) = J c and / = ^/2wH z . 
<&£ is the full magnetic flux through the film, <3># = 
E(k) - (1 - k 2 )K(k) is the field contribution, and <&j = 
[E{k) - (1 - k 2 )K{k)] ln[(l + fc)/(l - k)] - 2kK(k) is the 
shielding current contribution. E(k) and K(k) are the 
complete elliptic integrals of the first and second kinds, 
respectively, k — b/w. 

In the case of a 2w wide, d thick and infinitely long film 
(Fig. [SJ, the density of the magnetic moment m p (H z ,T) 
is the sum of two components^ 1 -: 



H z w 
8d 



4dJ c 
~cH z 



mj 



(2) 



where mj? = 1 — fc 2 is the diamagnetic part of the Meiss- 
ner currents and mj = (1 — fc 2 ) ln[(l + fc)/(l — fc)] + 2fc is 
the paramagnetic part, arising due to the gradient of the 
vortex density. The total magnetic moment m(H z ,T) is 
m p (H z ,T) multiplied by the film volume. 

The J c dependence on temperature results in b being 
temperature dependent. In turn, this leads to two inde- 
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FIG. 6: Temperature dependence of the vortex compression 
coefficient k = b/w for small (a) and large external fields(b). 



pendent variables, J c and fc, in Eq. (01. This fact does not 
allow us to directly calculate the critical current density 
and parameter fc (and /) from m(H z ,T) alone. Inde- 
pendent measurements on these films provided us with 
J C (H Z , T)m2i2L, which turned out to be well described by 
the following empirical formula 



J C (H Z ,T) = J c0 (H z )(l - T/T c ) a , 



(3) 



where J c o{H z ) = J c o(0)a \n(H* J H z ) at H z > Ht r and 
J c0 (H z ) = J c0 (0) at H z < H tr . H tr = #*exp(-l/S) de- 
fines the crossover field from the plateau to the decreas- 
ing part of J C (H Z ) (Fig.Pl 26 a21. The temperature depen- 
dence of H* is H* ~ H eS (l-T/T c ). For the YBCO films 
the parameters </ c o(0), 5, a and H c g are determined by 
the conditions and method of preparation. The variation 
of these parameters is negligible for films obtained un- 
der the same preparation conditions. These parameters 
can be independently obtained from transport, AC sus- 
ceptibility and magnetization measurements at low tem- 
peratures. For the K1509 film, the following values were 
obtained a ~ 1.13, a ~ 0.24 and H cS ~ 6.4 x 10 4 Oe 2 ^. 
Jco(0) was chosen so that J c at T = 77 K is equal to 
the experimentally obtained value of 2.34 x 10 6 A/cm 2 , 
therefore, J c0 (0) = 2.34 x 10 6 (1 - 77/T c )- a A/cm 2 . 

For the detailed quantitative analysis of the experi- 
mental data, the dependencies obtained for the K1509 
film (Fig. 2} have been used. Using Eqs. and J5J, 
as well as the experimentally obtained formula Q, we 
have calculated the temperature dependences of the pa- 
rameters fc and / for the vortex arrangement in the film 
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FIG. 7: Temperature dependence of the magnetic flux in the 
FC state below T c , normalized to the flux in the film in its 
normal state for small (a) and large fields(b). 



(Figs.Eland[7| respectively). In the immediate vicinity of 
T c , where the critical current density is rather small, the 
PME cannot be obtained in the frame of the KL modelii. 
Therefore, the behavior in Figs. HO and [7| was obtained 
within the temperature range of the KL model applica- 
bility. Note that our experimental geometry and, cor- 
respondingly, our current distribution arc different from 
the geometry shown in Fig. [S] However, there are no 
analytical expressions for rn(fc, H, J c ) for our case of fi- 
nite sample length. The existing expressions for a cir- 
cular sampleii would only insignificantly shift the f(t), 
k(t) curves along the corresponding ordinate axis, where 
t = T/T C (H) with T C (H) being the critical temperature 
obtained from the experiments performed at correspond- 
ing fields. Moreover, the magnetic response of a sample 
weakly depends on its shaped. Thus, the original KL 
model can be employed. 

It is shown that for relatively high fields (H z > 100 Oe) 
the m(T) behavior corresponds to the case of weak vor- 
tex compression (1 — k « 1). For low fields (< 10 Oe) 
the compression becomes quite large (k << 1) at low 
temperatures, which does not allow us to use the asymp- 
totical relationship between the parameters m, k and / 
obtained in Ref. IllL justifying the use of the exact ex- 
pressions Q and J5Jl. 

In the low field region a small difference in the para- 
magnetic moment (Fig. can be entirely explained by 
a small change in the flux and the compression of the 
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FIG. 8: Temperature dependence of the relative change of 
Ak = fc(4cm) — fc(lcm) caused by the change of the scan 
length from 4 cm to 1 cm at H — 500 Oe. 

vortex arrangement in the film (for example, as a result 
of flux creep) . This is due to the fact that over this field 
range J c does not depend on the applied field (Fig. . 
In high fields, the degradation of J c in increasing field 
is compensated by an increase in the magnetic flux in 
the film (Fig. 0) and a decrease in the vortex compres- 
sion (Fig. [BJ. In this case, the weak compression regime 
(1 — k << 1) is realized, i.e. the vortices almost entirely 
fill up the film. As the temperature decreases, vortices 
near the film's edges can freely leave the film (due to flux 
creep) via edge micro-cracks and other defects inherent 
to every film 28 . This process results in increasing com- 
pression and decreasing flux in decreasing temperature. 

Despite the fact that the m(t) dependence on the field 
is non-monotonic (Fig. 0), f(t) and k(t) monotonically 
increase with increasing field for all the fields except 
H = 5 Oe (Fig.EJi). Moreover, in contrast to the f(t) be- 
havior for all the other measured fields, f(t) at H = 5 Oe 
starts increasing in decreasing temperature at t < 0.965. 
This deviation of fit) from monotonic behavior as a func- 
tion of field and temperature at the lowest measurement 
field can be explained by the entry of additional vortices 
from the film edges as the temperature is decreased. The 
conditions for entry are defined by the sheet currents, 
which, in turn, significantly depend on the degree of vor- 
tex compression in the film. Vortex entry through the 
edges of the film in this case is facilitated by the small 
number of vortices and the strong compression in the 
field as a result of relatively large sheet currents. 

A. m(T) behavior as a function of the scan length 

The parameters of the KL theory, the vortex compres- 
sion k and the magnetic flux / within the film also enable 
us to quantitatively account for the m(T) behavior as a 
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function of the scan length (Fig. 0). Indeed, the PME 
can be affected by inhomogeneity of the magnetic field 
inside the magnet, which can influence the flux profile 
within the film. From the curves in Fig. [21 it is possi- 
ble to estimate a magnetic field change (AH) or field 
gradient in the magnet, which would result in the differ- 
ent m(T) behavior as a function of the scan length. In 
the general case, the magnetic moment can be written as 
m = m[k, H), so its change is 



dm 



Afc 



dm 



dk dH 
It can be equivalently rewritten as 



AH. 



Am 



dm dk 
~dkdH 



dm 
dH 



AH. 



(4) 



(5) 



where dk/dH is unknown function and can only be 
roughly estimated with the help of the experimental data 
in Fig. |SJ Therefore, we have used Eq. J2J for AH and 
Afc estimations. 

Assuming AH = 0, in Fig. [5] we show the calculated 
change of the compression coefficient (Afc = A; (4 cm) — 
fc(l cm)) of the frozen vortex ensemble in the K1509 film 
measured under the same conditions, but with two differ- 
ent scan lengths: 4 cm and 1 cm (Fig.[3J). As can be seen, 
the change in the maximum does not exceed 0.01%, which 
corresponds to a maximum change in the magnetic flux 
Af within the film of ~ 0.03%. The dependence of Af = 
/(4 cm)— /(l cm) can be calculated either similarly to Afc 
by direct solution of Eqs. (lll.'ill . or in agreement with the 
expression Af{t,J c (t)) = (df(t)/dk)Ak(t), where Ak(t) 
is the dependence in Fig. [5] Therefore, Af(t) behaves 
essentially the same as Ak(t). 

If we now assume that in Eq. (J3J Afc = (correspond- 
ingly Af = 0), which is a priori not correct, we can cal- 
culate the maximal field change (AiJ max ) responsible for 
the maximal Am — to (4 cm)— to(1 cm): Aif max ~ 50 Oe 
for H = 500 Oe (Fig.EJ). Apparently, AH max < 0, since 
dm/dH < and Am > (see Eqs. (01, 0, and Fig. 03). 
Since Afc > 0, this field change can be considered as 
a significantly overestimated 10% field gradient over the 
4 cm scan length in the magnet bore along its axis. 

It is worth mentioning that the magnetic flux change 
Af within the film does not necessarily imply the entry 
or exit of vortices. This is because for a given amount of 
vortices the flux is defined by their gradient ( J c ) and com- 
pression (fc). This means that with a fixed amount of vor- 
tices we get different values of / by changing fc. Changes 
in fc mainly occur due to changes in the sheet currents, 
flowing in vortex free film regions (Fig. [SJ). Thus, the 
discrepancies between the m(T) curves in Fig. [3] are due 
to changes in the magnetic flux profile in the film, which 
are, in turn, caused by inhomogeneous field distribution 
in the magnet. 

Moreover, as the sample moves through the SQUID 
pickup coils it is likely to experience not only the field in- 
homogeneity, but also the temperature gradient along the 



length of the scan. The latter factor would play a boost- 
ing role in redistribution of the flux profile, which would 
occur due to temperature variations within the sample. 
In the vicinity of T c , the effect of the temperature vari- 
ations can be even more pronounced due to strong fluc- 
tuations of the superconducting order parameter. The 
influence of the temperature gradient is a rather unpre- 
dictable factor, which may depend on temperature, the 
parameters of the temperature controller and the level of 
liquid helium inside the cryostat. In addition, the field 
gradient of a magnet can also be a variable. It may de- 
pend on the field pre- history and the remnant field 29 . 
Therefore, the influence of these factors on the flux pro- 
file may have led to somewhat non-reproducible to(T) 
behavior in Fig. [21 and might explain various experimen- 
tal results available in the literatur e"' 3 '^'?' 8 '? . 

The question arises why three orders of magnitude of 
the external field introduce a relatively small change in 
m(T) behavior (Fig. 0}, whereas a small field gradient 
< 10% can introduce not only comparative changes in 
to(T), but also a qualitative change at small scan lengths 
(Fig. . The first part of the question is dealt with in 
the previous subsection, where the compensating inter- 
play between k(T,H) and J C (T,H) is identified in the 
quasi-static, steady scenario. What if the field is sud- 
denly changed (due to the gradient). This change would 
affect the sheet currents and, correspondingly, the vor- 
tex arrangement, i.e. fc. The degree of the vortex re- 
arrangement depends on the vortex mobility, which, in 
turn, can depend on H and T. On the other hand, 
the J C (H) change would be negligible, since J c oc logi? 
(Eq. ©). Therefore, the change in fc is not compensated 
by the degradation of J c , as discussed in the previous 
subsection. This imbalance between the paramagnetic 
and diamagnetic contributions can lead to considerable, 
even qualitative changes in the m(T) behavior observed 

(Fig. m ■ 

An additional factor, which can contribute to differ- 
ences in FC m(T) behaviors for similar samples, is struc- 
tural imperfection. In films as in our case, differences in 
the quality of the film edges can also define the struc- 
ture of the vortex ensemble in the films 2 ^ and, together 
with field and temperature gradients, lead to some dif- 
ferences between m(T) behaviors observed for different 
films produced and measured under similar conditions. 



VI. CONCLUSION 

In conclusion, the origin of the paramagnetic Meissner 
effect in experimental m(H, T) dependences obtained in 
YBCO films was shown to be in good quantitative agree- 
ment with the model of vortex compression proposed in 
Ref. fTTL For a consistent description of the m(H,T) de- 
pendencies in the frame of the model, the experimen- 
tal J C (T,H) dependence has to be taken into account, 
and this was independently determined in Refs. l23l26ll27l 
Upon changing the applied field by three orders of mag- 
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nitude, the absolute value of the PME is changed by less 
than one order of magnitude. This change can be ex- 
plained by, firstly, the field independent behavior of J c 
at H < 100 Oe and, secondly, by the degradation of 
J C (H) at H > 100 Oe, which is compensated by a sharp 
decrease of the vortex compression (1 — k << 1) and 
magnetic flux in the film. The discrepancies between the 
experimental curves of m(T) obtained at different scan 
lengths can be accounted for by the influence of field and 
temperature gradients along the scan length of the sam- 
ples. 
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